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ILLUMINATING DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Priority
Patent Application JP 2011-243967 filed in the Japan Patent
Office on Nov. 7, 2011, the entire content of which is hereby
incorporated by reference.

BACKGROUND

The present disclosure relates to an illuminating device
including a light emitting diode as its light source.

Ilumination including an incandescent bulb, a fluorescent
lamp, etc. as the light source is traditionally used as illumi-
nating devices used for indoor illumination of houses and
buildings. The incandescent bulb has problems of high power
consumption and short lifetime. The fluorescent lamp has a
problem of involving a possibility of an adverse effect on the
environments because of e.g. inclusion of a gas containing
mercury.

In contrast, in recent years, an illuminating device that uses
alight emitting diode (hereinafter, referred to as LED accord-
ingly) as its light source and has features of small size, low
power consumption, long lifetime, etc., like that shown in
Japanese Patent Laid-open No. 2008-300203, is used.

SUMMARY

The above-described illuminating device goes out if the
power supply from a commercial power source is disrupted
due to e.g. a power outage. Therefore, if the power outage is
caused by a natural disaster such as an earthquake for
example, the resident needs to evacuate under the situation in
which the illuminating device has gone out, and it is difficult
to ensure safety. Furthermore, in the existing fluorescent
lamp, the respective parts are housed in a glass tube. Thus, the
fluorescent lamp is broken in case of e.g. an earthquake and
there is also a possibility that the resident gets hurt and the
broken glass is scattered on the evacuation route.

It is desirable to provide an illuminating device capable of
lighting the LED even when the power supply from an exter-
nal power source as a commercial power source is disrupted
for example.

According to an embodiment of the present disclosure,
there is provided an illuminating device including a connect-
ing portion configured to be supplied with power, a conver-
sion circuit configured to convert power supplied from the
connecting portion, a case having a tubular shape, a support
body configured to divide the case in the radial direction, and
a plurality of light emitting diodes configured to be provided
on one surface of the support body. The illuminating device
further includes a drive circuit configured to drive the light
emitting diodes, a secondary battery configured to be pro-
vided on the other surface of the support body, a charge/
discharge control circuit for the secondary battery, and a
control section configured to light the light emitting diodes by
supplied power and charge the secondary battery. The control
section permits lighting of the light emitting diodes by a
discharge of the secondary battery in a state in which power
supply is stopped.

In the embodiment of the present disclosure, the inclusion
of'the secondary battery in the illuminating device allows the
LEDs to be lit even when the power supply from a commer-
cial power source is disrupted.
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2

Inthe illuminating device of the embodiment of the present
disclosure, it is preferable that an opening be made at part of
the case opposed to the other surface ofthe support body. This
is because the opening serves as a heat outlet and can release
heat in the case.

Inthe illuminating device of the embodiment of the present
disclosure, it is preferable that the support body be fixed by a
rib that is so provided as to protrude from the inner wall
surface of the case. This is because the vibration of the sup-
port body in the case and the rotation of the support body in
the circumferential direction can be prevented.

Inthe illuminating device of the embodiment of the present
disclosure, it is preferable that the inner wall surface of the
case and the outer circumferential surface of the secondary
battery be so disposed as to be in contact with each other. This
is because the secondary battery plays a role of coupling the
support body and the case and supporting them and the sup-
port body is fixed in the case at the time of e.g. transportation
of the illuminating device.

Inthe illuminating device of the embodiment of the present
disclosure, it is preferable that the support body be formed of
a metal material. This is because the strength of the support
body is enhanced and the support body can be used as a heat
release body.

Inthe illuminating device of the embodiment of the present
disclosure, it is preferable that a diffuser be provided between
the support body and the light emitting diodes. This is
because light of the light emitting diodes can be diffused at a
higher degree.

It is preferable that the illuminating device of the embodi-
ment of the present disclosure include a sensor. This is
because lighting of the light emitting diodes by the secondary
battery or turning-off of the light emitting diodes can be
controlled also after power supply stop.

According to the embodiment of the present disclosure, the
LEDs can be lit even in the event of a power outage. Further-
more, for example even when the illuminating device has
fallen from the ceiling e.g. at the time of the occurrence of an
earthquake, the LEDs can be lit.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A to 1C are a schematic view, a sectional view, and
a perspective view showing one configuration example of an
illuminating device in a first embodiment of the present dis-
closure;

FIGS. 2A to 2C are a top view, a perspective view, and a
sectional view showing another configuration example of a
case of the illuminating device in the first embodiment;

FIGS. 3A and 3B are a sectional view and an enlarged view
showing another configuration example of the case of the
illuminating device in the first embodiment;

FIGS. 4A and 4B are sectional views showing another
configuration example of a support body of the illuminating
device in the first embodiment;

FIG. 5 is a perspective view showing a configuration
example when a diffuser is used for the illuminating device in
the first embodiment;

FIGS. 6A to 6D are sectional views showing configuration
examples when the diffuser is used for the illuminating device
in the first embodiment;

FIG. 7 is a block diagram showing one example of the
circuit configuration of the illuminating device in the first
embodiment at the time of normal operation;
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FIG. 8 is a block diagram showing one example of the
circuit configuration of the illuminating device in the first
embodiment when the power supply from a commercial
power source is stopped;

FIG. 9 is a block diagram showing another example of the
circuit configuration of the illuminating device in the first
embodiment when the power supply from the commercial
power source is stopped;

FIG. 10 is a flowchart showing a first operation flow of the
illuminating device in the first embodiment;

FIG. 11 is a flowchart showing a second operation flow of
the illuminating device in the first embodiment;

FIG. 12 is a schematic view showing one configuration
example of an illuminating device in a second embodiment of
the present disclosure;

FIG. 13 is a block diagram showing one example of the
circuit configuration of the illuminating device in the second
embodiment;

FIG. 14 is a flowchart showing a first operation flow of the
illuminating device in the second embodiment;

FIG. 15 is a flowchart showing a second operation flow of
the illuminating device in the second embodiment; and

FIG. 16 is a flowchart showing a third operation flow of the
illuminating device in the second embodiment.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
below with reference to the drawings.

1. First Embodiment (example of illuminating device includ-
ing secondary battery)

2. Second Embodiment (example of illuminating device
including sensor in addition to secondary battery)

1. First Embodiment

(1-1) Configuration of Illuminating Device

FIG. 1A is a schematic view showing one configuration
example of an illuminating device 1 according to a first
embodiment. FIG. 1B is a cross-sectional view of the illumi-
nating device 1 along line I-I in FIG. 1A. FIG. 1C is a per-
spective view showing one configuration example of mount-
ing of LEDs 5 as the light emission source included in the
illuminating device 1.

The illuminating device 1 in the embodiment of the present
disclosure is an LED illuminating device including a built-in
secondary battery. FIG. 1A shows a straight tube LED illu-
minating device as one example of the illuminating device 1
of the embodiment of the present disclosure. This illuminat-
ing device 1 can be used in place of the straight tube fluores-
cent lamp traditionally used and is so configured as to be
capable of being connected to a connecting portion made on
a ceiling or the like. The first embodiment will be explained
based on the assumption that the illuminating device 1 is
supplied with power from a commercial power source.

The illuminating device 1 of the embodiment of the present
disclosure includes secondary batteries 7a inside and is so
configured that the LEDs 5 are lit for a certain period by the
secondary batteries 7a even when the power supply from the
commercial power source is disrupted in the event of an
emergency such as an earthquake. Due to this feature, the
evacuation route is indicated even at the time of a power
outage and safety ensuring in the evacuation is enabled. In
FIG. 1A, a configuration in which an assembled battery 7
obtained by connecting three secondary batteries 7a in series
is incorporated is shown.

The illuminating device 1 is covered by a case 2. Inside it,
a support body 3, an LED substrate 4, the plural LEDs 5, a
circuit board 6, and the assembled battery 7 including the
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plural secondary batteries 7a are housed. Furthermore, the
illuminating device 1 is provided with a connecting portion 8
for electrical connection with the commercial power source
and a support portion 9 that is fitted into a connecting device
provided on e.g. a ceiling together with the connecting por-
tion 8 to thereby fix the illuminating device 1 to the connect-
ing device. The support portion 9 is provided for the fitting
into the connecting device and is not the connecting portion
for the power supply.

The illuminating device 1 includes the support body 3 that
divides the hollow space of the case 2 in the radial direction
and the LED substrate 4 to which the plural LEDs 5 are
connected is provided on one surface of the support body 3. If
the illuminating device 1 is connected to a ceiling, the illu-
minating device 1 is connected to the connecting device on
the ceiling in such a manner that the surface on which the
LEDs 5 are provided is oriented toward the downward direc-
tion. The LEDs 5 are electrically connected to the LED sub-
strate 4. Inaddition, e.g. a drive circuit to drive the LEDs 5 and
a constant current circuit to make the LEDs 5 stably emit light
are provided in the LED substrate 4.

On the other surface of the support body 3, the assembled
battery 7 and the circuit board 6 are provided. The circuit
board 6 includes e.g. a charge/discharge control circuit that
carries out charge/discharge control of the respective second-
ary batteries 7a configuring the assembled battery 7, a con-
version circuit that properly converts supplied power, and a
switch that switches connection depending on whether the
supplied power or the assembled battery 7 is used to light the
LEDs 5.

The respective parts configuring the illuminating device 1
will be described in detail below.

As the case 2, a tubular case such as a circular tube or an
angular tube is used. The case 2 may have any of various
shapes such as a straight tube shape, an annular shape, and a
U-shape. FIG. 1A and FIG. 1B show an example in which the
case 2 having a circular, straight tube shape is used as an
example of the illuminating device 1 set on a ceiling.

Furthermore, as the case 2, a resin case is used in place of
the glass tube of the existing fluorescent lamp. The glass tube
is easily broken and therefore possibly becomes a factor in
injury at the time of a disaster such as an earthquake. In
addition, possibly broken glass obstructs the evacuation route
and makes the evacuation difficult. Moreover, the glass tube
has problems that deflection due to the weight of the
assembled battery 7 occurs and heat release is difficult
although the heat resistance is high.

As the resin material used for the case 2, a material that has
certain strength in order to prevent deflection due to the
weight of the assembled battery 7 and can withstand a tem-
perature rise in the case 2 in association with the light emis-
sion of the LEDs 5 and the charge/discharge of the respective
secondary batteries 7a can be used. Specifically, e.g. the
following materials can be used: acrylic resin such as poly-
methylmethacrylate (PMMA) resin, cycloolefin resin (COP)
or copolymer containing cycloolefin (COC), methyl meth-
acrylate styrene (MS) resin, and polyolefin resin such as
polycarbonate (PC).

For example a coating material of milky white is applied on
the inside surface of the case 2 so that the inside surface may
be prevented from being directly irradiated with light of the
LED 5. In this case, the case 2 of milky white or the like may
be made by mixing the coating material into the resin material
to form the case 2 in manufacturing of the case 2. Due to this,
the light of the LED 5 is diffused and proper brightness as
illumination for an indoor area is obtained. It is preferable to
adjust the amount of application of the coating material or the
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amount of mixing of the coating material with respect to the
resin material depending on the desired brightness and so
forth.

A light emitting diode that emits blue light or ultraviolet
may be used as the LED 5 and a fluorescent coating material
may be applied on the inside surface of the case 2 as the
coating material. This allows light passing through the case 2
to have a color such as white or a bulb color.

It is preferable to make one or plural openings 2a for heat
release in the case 2 as shown in FIG. 2A to FIG. 2C. FIG. 2A
is atop view of the case 2. F1G. 2B is a perspective view of the
case 2. FIG. 2C is a sectional view of the illuminating device
1 using the case 2 in which the openings 2a are made.

If the case 2 is hermetically sealed, the temperature in the
case 2 becomes high due to heat generation of the LEDs 5. In
general, the LED 5 is susceptible to heat and the element
easily deteriorates under a high temperature environment. In
particular, the illuminating device 1 of the embodiment of the
present disclosure includes, in the case 2, the assembled bat-
tery 7 obtained by connecting the plural secondary batteries
7a in addition to the plural LEDs 5. Therefore, the inside of
the case 2 is easily subjected to the high temperature environ-
ment due to not only heat generation of the LEDs 5 but also
heat generation of the secondary batteries 7a. Furthermore,
heat generation occurs also from the circuit board 6 and so
forth. Therefore, it is preferable to make the opening 2a as a
heat outlet because the deterioration of the LEDs 5 and the
secondary batteries 7a can be prevented.

The shape of the opening 2a may be any shape. However,
it is preferable to employ a slit shape like that shown in FIG.
2A to FIG. 2C for example in order to suppress entry of dust
in the air into the illuminating device 1. FIG. 2A to FIG. 2C
show an example in which three slit-like openings 2a extend-
ing in juxtaposition along the direction parallel to the longi-
tudinal direction of the illuminating device 1 are intermit-
tently formed along the longitudinal direction of the
illuminating device 1. Providing such an opening 2a can
enhance the heat release effect without lowering the illumi-
nation function as the illuminating device 1.

It is preferable for the opening 24 to be made at part of the
case 2 near the secondary battery 7a as shown in FIG. 2C. If
the illuminating device 1 is attached to a ceiling or the like, the
surface of the side of the secondary batteries 7a provided on
the surface opposite to the surface to which the LEDs 5 are
connected is on the ceiling side. If the opening 2a is made at
part of the case 2, part of light emitted by the LEDs 5 is
directly irradiated without passing through the case 2. How-
ever, making the opening 2a on the side of the secondary
batteries 7a can prevent such a problem and can prevent the
opening 2a from being seen from the user.

When the illuminating device 1 is attached to a ceiling, it is
so attached that the side of the LEDs 5 is oriented toward the
lower side and the side of the secondary batteries 7a is ori-
ented toward the ceiling. Due to this, heat is readily released
from the upper side, i.e. the ceiling side. Also in this point, it
is preferable for the opening 2a to be provided on the side of
the secondary batteries 7a.

As shownin FIGS. 3A and 3B, ribs 24 for fixing the support
body 3 may be provided on the inner wall of the case 2. FIG.
3A is a sectional view of the illuminating device 1 using the
case 2 provided with the ribs 25. FIG. 3B shows the ribs 26 in
FIG. 3A in an enlarged manner.

The support body 3 is so provided as to divide the case 2 in
the radial direction and has e.g. a plate shape. The LED
substrate 4 to which the LEDs 5 are connected is provided on
one surface of the support body 3, and the circuit board 6, the
assembled battery 7, and so forth are provided on the other
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surface. So, it is preferable for the support body 3 to have
certain strength in order to support the respective parts. Thus,
ametal material, a resin material, or so forth can be used as the
support body 3. The positions of the LED substrate 4 and the
circuit board 6 are not limited thereto.

In particular, it is preferable for the support body 3 to be
formed by using a metal material. This is because the support
body 3 can function as a heat release plate that transfers heat
generated in the respective parts, specifically the LEDs 5 and
the assembled battery 7 and the LED substrate 4 and the
circuit board 6 including circuits to drive and control them, to
the case 2 via the support body 3 and releases the heat to the
outside of the illuminating device 1. Furthermore, the metal
material is preferable also in terms of the strength. As the
metal material to form the support body 3, a material having
high strength and light weight is preferable. Specifically, it is
preferableto use e.g. aluminum (Al), titanium (T1), or an alloy
of them, or stainless steel (SUS).

As shown in FIG. 4A, the support body 3 may be one that
includes a plate-like main surface part 3a and side parts 35
each provided along the longitudinal direction of the main
surface part 3a and substantially perpendicular to the main
surface part 3a, and has a substantially H-shape section. This
allows the side parts 35 of the support body 3 to be in contact
with the inner wall surface of the case 2. The support body 3
having such a shape is preferable because the support body 3
is firmly supported by the case 2 and the contact area between
the support body 3 and the case 2 increases to enhance the
heat release performance.

Ifthe support body 3 having such a shape is fixed by the ribs
25 that are so provided as to protrude from the inner wall of
the case 2, the section of the illuminating device 1 is as shown
in FIG. 4B.

As shown in FIG. 1B, the LED substrate 4 to which the
plural LEDs 5 are connected is provided on the support body
3. As amodification example of this configuration, a diffuser
10 may be provided on the support body 3 as shown in FIG. 5.
The diffuser 10 is provided between the support body 3 and
the LED substrate 4 and is to diffuse light of the LEDs 5 at a
higher degree. The diffuser 10 is composed of e.g. a bottom
part 10a in contact with the support body 3 and side parts 105
that are so extended as to reversely taper from both ends of the
bottom part 10a. That is, the diffuser 10 is so configured that
the section thereof is a trapezoidal shape whose base is
opened as one example.

To allow exertion of the function as the diffuser 10, a
reflective layer is employed as at least the surface of the
diffuser 10 on the side of the LED substrate 4. The reflective
layer is formed by configuring part of the diffuser 10 by a
reflective member such as a mirror or providing a layer to
which a reflective coating material is applied for example.
The reflective coating material is e.g. a coating material into
which a pigment having high reflectivity is mixed. If a light
emitting diode that emits blue light or ultraviolet is used as the
LED 5, the reflective layer may be made by applying a fluo-
rescent coating material.

In the case of using such a diffuser 10, the sectional con-
figuration of the illuminating device 1 is as shown in FIG. 6 A
to FIG. 6D. FIG. 6 A shows an example in which the plate-like
support body 3 is used. FIG. 6B shows an example in which
the support body 3 having a substantially H-shape section is
used. FIG. 6C and FIG. 6D show configurations in which the
ribs are provided inside the case 2 to fix the support body 3 as
modification examples of the configurations of FIG. 6A and
FIG. 6B, respectively.

As the LED 5, e.g. a white light emitting diode, a blue light
emitting diode, or a light emitting diode that emits ultraviolet



US 9,335,008 B2

7

can be used. The necessary number of LEDs 5 to obtain the
desired brightness as the illuminating device 1 are connected.
The plural LEDs 5 are connected in series with the constant
current circuit to be described later. The number of LEDs 5
connected in series is selected depending on the specifica-
tions (power consumption etc.) as the illuminating device 1. If
a larger number of LEDs 5 are connected, unit circuits com-
posed of the plural LEDs 5 and the constant current circuit are
connected in parallel.

FIG. 7 is ablock diagram showing the circuit configuration
of the illuminating device 1. The illuminating device 1 is
supplied with AC power from a commercial power source 31
through connection of the connecting portion 8 to a connect-
ing portion 33 of a connecting device provided on a ceiling or
the like. The AC power to the illuminating device 1 is supplied
to the illuminating device 1 when a wall switch 32 set on the
wall of the room where the illuminating device 1 is disposed
is turned ON. The user can turn ON/OFF lighting of the
illuminating device 1 by turning ON/OFF the wall switch 32
in daily life.

The LED substrate 4 has an LED drive circuit 21 for
driving the LEDs 5 and a constant current circuit 22 that
carries out control to make a constant current flow through the
LEDs 5 as one example.

The LED drive circuit 21 is a circuit that controls a drive
current flowing to the LEDs 5. The constant current circuit 22
is connected in series to the LEDs 5 and is a circuit that carries
out control to prevent the current from flowing through the
LEDs 5 when a current larger than a predetermined value
flows in the circuit.

The assembled battery 7 is configured by series connection
of'the plural secondary batteries 7a for example. Ifthe scale of
the illuminating device 1 is small, one secondary battery 7a
may be used instead of the assembled battery 7. Besides, sets
of the plural secondary batteries 7a connected in series may
be further connected in parallel to form the assembled battery
7, and the assembled battery 7 thereby formed may be used.
As the secondary battery 7a, e.g. a lithium-ion secondary
battery can be used.

It is preferable that each of the secondary batteries 7a be so
disposed that the outer circumferential surface thereof is in
contact with the inner circumferential surface of the case 2.
Due to this configuration, the secondary batteries 7a play a
role of coupling the support body 3 and the case 2 and sup-
porting them and the support body 3 is fixed in the case 2 at the
time of transportation of the illuminating device 1 in particu-
lar. Therefore, this configuration is preferable.

The circuit board 6 has an AC/DC converter 11, a DC/DC
converter 12, a switch 13, a switch 14, a charge/discharge
control circuit 15 for the assembled battery 7, and a control
section 16 as one example.

The AC/DC converter 11 converts AC power supplied from
the commercial power source to DC power. The DC/DC
converter 12 converts the voltage of the DC power supplied
from the AC/DC converter 11 to a voltage appropriate for the
illuminating device 1.

The charge/discharge control circuit 15 includes e.g. a
charge control field effect transistor (FET), a discharge con-
trol FET, a battery voltage detecting circuit, a resistor for
current detection, a resistor for battery temperature detection,
a fuse, etc. and a controller that controls them. The controller
turns ON/OFF the charge control FET and the discharge
control FET in response to a control signal from the control
section 16 to charge or discharge the respective secondary
batteries 7a.

Furthermore, the charge/discharge control circuit 15 moni-
tors the respective secondary batteries 7a, and controls the
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charge control FET or the discharge control FET to stop the
charge or discharge when the operation state becomes an
abnormal state such as overcharge state, overdischarge state,
overcurrent state, or abnormal heat generation of the second-
ary batteries 7a. In addition, the charge/discharge control
circuit 15 can also melt and cut the fuse to permanently stop
the charge/discharge depending on the detected state.

The switch 13 and the switch 14 are formed of e.g. a FET.
In the illuminating device 1, the power supply path is
switched in association with turning-ON/OFF of the switch
13 and the switch 14.

In normal operation in which the illuminating device 1 is
supplied with power from the commercial power source 31,
the switch 13 and the switch 14 are set ON in accordance with
the control signal from the control section 16 to be described
later. At this time, the charge/discharge control circuit 15 is so
controlled as to charge the secondary batteries 7a by the
control section 16. Thereby, the DC power properly converted
by the DC/DC converter 12 is supplied to the LED drive
circuit 21 via the switch 13 and the LEDs 5 are lit by the power
from the commercial power source 31. The DC power prop-
erly converted by the DC/DC converter 12 is supplied to the
charge/discharge control circuit 15 via the switch 13 and the
switch 14 and each of the secondary batteries 7a configuring
the assembled battery 7 is charged.

When the power supply from the commercial power source
31 to the illuminating device 1 is stopped, the switch 13 is set
OFF and the switch 14 is set ON as shown in FIG. 8 in
accordance with the control signal from the control section 16
to be described later. At this time, the charge/discharge con-
trol circuit 15 is so controlled as to discharge the secondary
batteries 7a by the control section 16. Thereby, the discharged
power from the assembled battery 7 is supplied to the LED
drive circuit 21 via the switch 14 and the LEDs 5 are lit.

The control section 16 determines whether or not the power
supply from the commercial power source 31 is present.
When determining that the power supply from the commer-
cial power source 31 is present, the control section 16 trans-
mits the control signal to the switch 13 and the switch 14 so
that the switches may be set ON. This results in the circuit
configuration shown in FIG. 7. When determining that the
power supply from the commercial power source 31 is
present, the control section 16 transmits the control signal to
the charge/discharge control circuit 15 so that the charge/
discharge control circuit 15 may charge the assembled battery
7.

When determining that the power supply from the com-
mercial power source 31 is not present, the control section 16
transmits the control signal to the switch 13 so that the switch
may be set OFF. In addition, the control section 16 transmits
the control signal to the switch 14 so that the switch may be set
ON. This results in the circuit configuration shown in FIG. 8.
When determining that the power supply from the commer-
cial power source 31 is not present, the control section 16
transmits the control signal to the charge/discharge control
circuit 15 so that the charge/discharge control circuit 15 may
discharge the assembled battery 7.

The illuminating device 1 of the first embodiment has a
configuration that is not provided with measures to turn off
the LEDs 5 after the LEDs 5 are lit by the discharge of the
secondary batteries 7a. Therefore, the LEDs 5 go out when
the battery capacity (discharge capacity) of the secondary
batteries 7a becomes insufficient.

The following configuration can also be employed. Spe-
cifically, after the power supply from the commercial power
source 31 is disrupted, the control section 16 monitors the
remaining battery capacity of the secondary batteries 7a. If



US 9,335,008 B2

9

the remaining battery capacity becomes lower than predeter-
mined battery capacity, the discharge is stopped based on
control by the control section 16.

It is also possible to carry out control to light the LEDs 5 by
the discharge of the secondary batteries 7a only for certain
time after the power supply from the commercial power
source 31 is disrupted. In this case, a timer circuit is provided
in the control section 16 and it is determined whether or not
the certain time has elapsed after it is determined that the
power supply from the commercial power source 31 is dis-
rupted. For example an oscillator circuit is used as the timer
circuit and it can be so configured as to measure the certain
time by a clock signal.

When determining that the certain time has elapsed from
stop of the power supply from the commercial power source
31, the control section 16 transmits the control signal to the
switch 13 and the switch 14 so that the switches may be set
OFF. This results in the circuit configuration shown in FIG. 9
for example, so that the discharge is stopped and the LEDs 5
are turned off.

In the case of stopping the discharge by the assembled
battery 7 after stop of the power supply from the commercial
power source 31, the control signal may be transmitted to the
charge/discharge control circuit 15 so that the charge/dis-
charge control circuit 15 may stop the discharge of the
assembled battery 7 instead of carrying out the OFF-control
of the switch 14.

The charge control FET and the discharge control FET in
the charge/discharge control circuit 15 may be used as the
switch 14.

According to the above-described configuration, the illu-
minating device 1 can light the LEDs 5 by the power from the
commercial power source 31 when the power supply from the
commercial power source 31 is present, and can light the
LEDs 5 by discharging the assembled battery 7 when the
power supply from the commercial power source 31 is not
present.

The example in which power is supplied from the commer-
cial power source 31 is explained regarding the above-de-
scribed configuration. However, this configuration can be
similarly applied also to the case in which power is supplied
from a home power generating unit, a power storage unit, etc.
As the home power generating unit, e.g. solar power genera-
tion, wind power generation, or an in-vehicle battery can be
used. As the power storage unit, e.g. a power storage unit
charged in a period of low power consumption at night can be
used.

(1-2) Operation Flows of Illuminating Device

Operation flows in the illuminating device 1 having the
above-described configuration will be described.

(1-2-1) First Operation Flow

As afirst operation flow of the first embodiment, the opera-
tion flow of the following operation will be described. Spe-
cifically, when the power supply from the commercial power
source 31 is stopped, the LEDs 5 are lit by the secondary
batteries 7a until the battery capacity of the secondary batter-
ies 7a becomes insufficient.

FIG. 10 shows the first operation flow of the illuminating
device 1 in the first embodiment. First, in a step S1, the LEDs
5 are being lit by power supplied from the commercial power
source. Next, in a step S2, the control section 16 determines
whether or not the power supply from the commercial power
source 31 is present. If it is determined in the step S2 that the
power supply from the commercial power source 31 is
present, the step S2 is repeated. Ifit is determined in the step
S2 that the power supply from the commercial power source
31 is not present, the processing is forwarded to a step S3.
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In the step S3, the control section 16 controls the switch 13
to switch the circuit configuration to one that permits power
supply from the assembled battery 7 to the LEDs 5. In addi-
tion, the control section 16 controls the charge/discharge
control circuit 15 to start the power supply from the
assembled battery 7 to the LEDs 5. Thereby, the lighting of
the LEDs 5 is continued as shown by a step S4.

Thereafter, if the remaining battery capacity of the second-
ary batteries 7a of the assembled battery 7 is sufficient in a
step S5, the processing returns to the step S4 and the lighting
of'the LEDs 5 is continued. If the remaining battery capacity
of the secondary batteries 7a of the assembled battery 7 is
insufficient in the step S5, the LEDs 5 are turned off in a step
S6 and the processing ends.

In this operation flow, the step S5 and the step S6 do not
depend on control by the control section 16 and the LEDs 5
automatically go out due to the insufficiency of the remaining
battery capacity.

(1-2-2) Second Operation Flow

As a second operation flow of the first embodiment, the
operation flow of the following operation will be described.
Specifically, when the power supply from the commercial
power source 31 is stopped, the LEDs 5 are lit by the second-
ary batteries 7a for certain time after the stop of the power
supply from the commercial power source 31.

FIG. 11 shows the second operation flow of the illuminat-
ing device 1 in the first embodiment. Steps S11 to S13 are the
same as the steps S1 to S3 in the first operation flow and
therefore description thereof is omitted.

Next, in a step S14, count is started by the timer circuit of
the control section 16. Thereafter, the processing is forwarded
to a step S15 and the lighting of the LEDs 5 continues.

Subsequently, in a step S16, whether or not the certain time
has elapsed is determined based on the count in the timer
circuit of the control section 16. If it is determined in the step
S16 that the certain time has not elapsed, the processing
returns to the step S15 and the lighting of the LEDs 5 contin-
ues. Ifitis determined in the step S16 that the certain time has
elapsed, the processing is forwarded to a step S17, so that the
LEDs 5 are turned off and the processing ends.

As described above, even when the power supply from the
commercial power source is stopped, the illuminating device
1 can light the LEDs 5 for the certain time after the stop of the
power supply from the commercial power source 31.

If the power supply from the commercial power source 31
is resumed after the LEDs 5 are turned off and the processing
ends, the LEDs 5 are lit again. This is because the control
section 16 determines that the power supply from the com-
mercial power source 31 is present and transmits the control
signal to the switch 13 and the switch 14 so that the switches
may be set ON. At this time, if the wall switch is set OFF, the
LED:s 5 are not lit.

<Effects>

As described above, in the illuminating device 1 of the first
embodiment, the LEDs 5 can be automatically lit by the
secondary batteries 7a if the power supply from the commer-
cial power source 31 is stopped. Due to this feature, for
example when a power outage occurs, ensuring of the evacu-
ation route and so forth can be carried out by lighting the
LEDs 5 even during the continuation of the power outage.

2. Second Embodiment

The illuminating device 1 in a second embodiment has a
sensor in the illuminating device 1. This makes it possible to
control lighting and turning-oft of the LEDs 5 in response to
e.g. user’s operation after stop of the power supply from the
commercial power source 31.
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In the illuminating device 1 in the first embodiment, after
stop of the power supply from the commercial power source
31, the LEDs 5 cannot be turned off unless the remaining
battery capacity of the assembled battery 7 becomes insuffi-
cient or the certain time set in advance elapses. In this con-
figuration, the control section 16 merely determines whether
or not the power from the commercial power source 31 is
supplied to the illuminating device 1. Therefore, it cannot be
determined in the illuminating device 1 whether the power
supply stop is due to e.g. a power outage or due to turning-
OFF of the wall switch 32 disposed outside the illuminating
device 1 by the user. Accordingly, in the illuminating device
1 of the first embodiment, also when the user oneself turns
OFF the wall switch 32 e.g. at bedtime, the LEDs 5 are not
immediately turned off and lighting of the LEDs 5 continues.

To address this, in the second embodiment, a sensor 17 is
provided so that lighting and turning-off of the LEDs 5 can be
controlled by user’s operation even after stop of the power
supply from the commercial power source 31. Furthermore,
the illuminating device 1 of the second embodiment is so
configured that one of the following modes can be selected
when the power supply from the commercial power source 31
is stopped: the mode in which lighting of the LEDs 5 is
automatically continued and the mode in which the LEDs 5
are temporarily turned oft and the illuminating device 1 is set
to the waiting state to wait for control by the user.

(2-1) Configuration of Illuminating Device

First, the configuration of the illuminating device 1 of the
second embodiment will be described.

FIG. 12 is a schematic view showing one configuration
example of the illuminating device 1 according to the second
embodiment. FIG. 13 is a block diagram showing the circuit
configuration of the illuminating device 1 according to the
second embodiment. The block diagram of FIG. 13 shows the
circuit configuration in normal operation of the illuminating
device 1 according to the second embodiment.

The illuminating device 1 of the second embodiment
includes the sensor 17. The sensor 17 is connected to the
control section 16 and the control section 16 controls the
charge/discharge control circuit 15 in response to e.g. a con-
trol signal received by the sensor 17.

The configuration other than the sensor 17 and the control
section 16 is the same as that of the first embodiment and
therefore description thereof is omitted.

The sensor 17 receives the control signal to light or turn off
the LEDs 5 or detects the existence or voice of the user. In
response to the detection result or the reception result of the
control signal in the sensor 17, the control section 16 deter-
mines to light or turn off the LEDs 5.

As shown in FIG. 12, the sensor 17 is so provided as to be
exposed to the outside of the illuminating device 1. Alterna-
tively, the sensor 17 may be provided inside the case 2 if the
sensor 17 can receive the control signal of lighting and turn-
ing-off of the illuminating device 1 and so forth even when
being provided in the illuminating device 1.

Specifically, as the sensor 17, a voice sensor, a motion
sensor, a remote-control light receiver, etc. can be used.

The voice sensor includes a voice recognition circuit. It
recognizes voice given by the user and detects that predeter-
mined voice to order lighting or turning-oft of the illuminat-
ing device 1 is given. For example, when recognizing a voice
“On” given by the user, the voice sensor determines that
lighting of the LEDs 5 by the secondary batteries 7a is
ordered. When recognizing a voice “Off,” the voice sensor
determines that turning-off of the LEDs 5 is ordered. As the
voice sensor, a microphone etc. can be used.
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The following configuration may be employed. Specifi-
cally, after voice given by the user is recognized by the voice
sensor, the LEDs 5 are turned off when the control section 16
determines that certain time has elapsed from the last detec-
tion of voice. In this case, the voice sensor may be one that
does not detect specific voices “On” and “Off” given by the
user. Besides, it is also possible to employ a configuration in
which the LEDs 5 are turned off after the elapse of certain
time after a voice “On” by the user is detected and the LEDs
5 are lit.

The motion sensor detects the human motion. When it is
detected in the motion sensor that a person is in motion, the
control section 16 carries out control to light the LEDs 5.
When it cannot be detected that a person is in motion, the
control section 16 carries out control to turn off the LEDs 5
after the elapse of certain time. As the motion sensor, an
infrared sensor, a magnetic sensor, etc. can be used.

The remote-control light receiver receives a signal from a
remote controller operated by the user. When a signal to light
the LEDs 5 is received in the remote-control light receiver
from the remote controller, the control section 16 carries out
controlto light the LEDs 5. When a signal to turn offthe LEDs
5 is received in the remote-control light receiver from the
remote controller, the control section 16 carries out control to
turn off the LEDs 5 after the elapse of certain time. As the
remote-control light receiver, e.g. an infrared receiver or a
wireless receiver can be used. If the remote-control light
receiver is an infrared receiver, the remote controller operated
by the user includes an infrared transmitter. If the remote-
control light receiver is a wireless receiver, the remote con-
troller includes a wireless transmitter.

The control section 16 determines to light or turn off the
LEDs 5 in response to the detection result or the reception
result of the control signal in the sensor 17. When determining
to light the LEDs 5, the control section 16 transmits the
control signal to start a charge to the charge/discharge control
circuit 15. When determining to turn off the LEDs 5, the
control section 16 transmits the control signal to stop the
charge/discharge to the charge/discharge control circuit 15.
When the power supply from the commercial power source
31 is stopped, charge operation of the secondary batteries 7a
cannot be carried out.

(2-2) Operation Flow of Illuminating Device

Operation flows in the illuminating device 1 of the second
embodiment will be described.

(2-2-1) First Operation Flow

As a first operation flow of the second embodiment, one
example of the mode in which lighting of the LEDs 5 is
automatically continued when the power supply from the
commercial power source 31 is stopped will be described.

FIG. 14 shows the first operation flow in the illuminating
device 1 of the second embodiment. First, in a step S21, the
LEDs 5 are being lit by power supplied from the commercial
power source. Next, in a step S22, it is determined by the
control section 16 whether or not the power supply from the
commercial power source 31 is present. Ifit is determined that
the power supply from the commercial power source 31 is
present, the step S22 is repeated. If it is determined in the step
S22 that the power supply from the commercial power source
31 is not present, the processing is forwarded to a step S23.

In the step S23, the switch 13 and the charge/discharge
control circuit 15 are controlled to start power supply to the
LEDs 5 by the assembled battery 7. Thereby, the lighting of
the LEDs 5 is continued as shown by a step S24.

Subsequently, in a step S25, whether or not to turn off the
LED:s 5 is determined. The determination to turn off them is
made if the sensor 17 recognizes e.g. a voice “Off” given by
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the user, or if the motion sensor does not detect the existence
of a person for certain time, or if a remote-control control
signal to turn off the LEDs 5 is detected.

Ifitis determined in the step S25 to turn off the LEDs 5, the
processing is forwarded to a step S26. In the step S26, the
LEDs 5 are turned off and the processing ends.

If it is determined in the step S25 not to turn off the LEDs
5, the processing returns to the step S24 and the lighting of the
LEDs 5 by the secondary batteries 7a is continued.

Also after the LEDs 5 are turned off, lighting and turning-
off of the LEDs 5 can be controlled in association with detec-
tion of a user’s order or detection of the existence of the user
by the voice sensor, the motion sensor, or so forth, or control
by the user by the remote controller.

(2-2-2) Second Operation Flow

As a second operation flow of the second embodiment,
another example of the mode in which lighting of the LEDs 5§
is automatically continued when the power supply from the
commercial power source 31 is stopped will be described.
The second operation flow of the second embodiment is suit-
able for the case in which e.g. a motion sensor is used as the
sensor 17 and the case in which a voice sensor is used as a
human detection sensor.

FIG. 15 shows the second operation flow in the illuminat-
ing device 1 of the second embodiment. In the second opera-
tion flow of the second embodiment, steps S31 to S37 are the
same as the steps S11 to S17 in the second operation flow of
the first embodiment in FIG. 11 and therefore description
thereof is omitted.

In the second operation flow of the second embodiment,
whether or not certain time has elapsed is determined in the
step S36. If it is determined in the step S36 that the certain
time has elapsed, the processing is forwarded to the step S37.
In the step S37, the LEDs 5 are turned off and the processing
ends.

If it is determined in the step S36 that the certain time has
not elapsed, the processing is forwarded to a step S38. In the
step S38, whether or not to turn oft the LEDs 5 is determined.
The determination to turn off them is made if the sensor 17
recognizes e.g. a voice “Off” given by the user, or if the
motion sensor does not detect the existence of a person for
certain time, or if a remote-control control signal to turn off
the LEDs 5 is detected.

Ifitis determined in the step S38 to turn off the LEDs 5, the
processing is forwarded to the step S37, so thatthe LEDs 5 are
turned off in the step S37 and the processing ends.

If it is determined in the step S38 not to turn off the LEDs
5, the processing returns to the step S35 and the lighting of the
LEDs 5 by the secondary batteries 7a is continued.

Based on this configuration, the LEDs 5 are lit after stop of
the power supply from the commercial power source 31 and
the LEDs 5 can be turned off when the certain time has
elapsed after the stop of the power supply from the commer-
cial power source 31. Furthermore, even before the certain
time has elapsed after the power supply stop, the LEDs 5 can
be turned off by e.g. an order from the user.

(2-2-3) Third Operation Flow

As a third operation flow of the second embodiment, the
following mode will be described. Specifically, when the
power supply from the commercial power source 31 is
stopped, the LEDs 5 are temporarily turned off. In addition,
the discharge of the assembled battery 7 is set to the waiting
state to wait for control by the user.

FIG. 16 shows the third operation flow in the illuminating
device 1 of the second embodiment. In a step S41, the LEDs
5 are being lit by power supplied from the commercial power
source. Next, in a step S42, the control section 16 determines
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whether or not the power supply from the commercial power
source 31 is present. If it is determined in the step S42 that the
power supply from the commercial power source 31 is
present, the step S42 is repeated. If it is determined in the step
S42 that the power supply from the commercial power source
31 is not present, the processing is forwarded to a step S43.

In the step S43, because the power supply from the com-
mercial power source 31 is not present, the LEDs 5 are turned
off. Subsequently, in a step S44, power to the respective parts
of the illuminating device 1 is supplied from the assembled
battery 7 and the illuminating device 1 is set to the operation
waiting state.

Subsequently, in a step S45, the control section 16 controls
the switch 14 to switch the circuit configuration to one that
permits power supply from the assembled battery 7 to the
LEDs 5. This makes it possible to start the power supply from
the assembled battery 7 to the LEDs 5 by transmitting the
control signal for making the discharge to the charge/dis-
charge control circuit 15 when a control signal to light the
LEDs 5 is received from the user or when voice is detected.

If reception of the control signal to light the LEDs 5 from
the user or detection of voice is not present in the step S46, the
processing of the step S46 is repeated. If the control signal to
light the LEDs 5 is received from the user or voice is detected
in the step S46, the processing is forwarded to a step S47 and
the LEDs 5 are lit in the step S47.

Ifreception of the control signal to turn off the LEDs 5 from
the user or detection of voice is not present in the step S48, the
processing of the step S48 is repeated. If the control signal to
turn off the LEDs 5 is received from the user or voice is
detected in the step S48, the processing is forwarded to a step
S49, so that the LEDs 5 are turned off in the step S49 and the
processing ends.

<Effects>

As described above, in the illuminating device 1 of the
second embodiment, the LEDs 5 can be automatically lit by
the secondary batteries 7a when the power supply from the
commercial power source 31 is stopped. Furthermore, also
after the stop of the power supply from the commercial power
source 31, lighting of the LEDs 5 by the assembled battery 7
and turning-off of the LEDs 5 can be controlled by operation
by the user. Due to this feature, for example when a power
outage occurs, ensuring of the evacuation route and so forth
can be carried out by lighting the LEDs 5 even during the
continuation of the power outage. Furthermore, it is also
possible to turn off the LEDs 5 by operation by the user when
the present situation is not an emergency situation or when
lighting of the LEDs 5 is unnecessary.

Although embodiments of the present disclosure are spe-
cifically explained above, the present disclosure is not limited
to the above-described embodiments and various kinds of
modifications based on the technical idea of the present dis-
closure can be made.

For example, the circuit configuration is one example and
is not limited to the described circuit configurations as long as
it is a configuration that can realize the operation flows
explained for the first embodiment and the second embodi-
ment.

The present disclosure can employ also the following con-
figurations.

[1] An illuminating device including:

a connecting portion configured to be supplied with power;

a conversion circuit configured to convert power supplied

from the connecting portion;

a case having a tubular shape;

a support body configured to divide the case in radial

direction;
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a plurality of light emitting diodes configured to be pro-
vided on one surface of the support body;

adrive circuit configured to drive the light emitting diodes;

a secondary battery configured to be provided on the other
surface of the support body;

a charge/discharge control circuit for the secondary bat-
tery; and

a control section configured to light the light emitting
diodes by supplied power and charge the secondary bat-
tery, the control section permitting lighting of the light
emitting diodes by a discharge of the secondary battery
in a state in which power supply is stopped.
[2] The illuminating device according to [1], wherein an
opening is made at part of the case opposed to the other
surface of the support body.
[3] The illuminating device according to [1] or [2], wherein
the support body is fixed by a rib that is so provided as to
protrude from an inner wall surface of the case.
[4] The illuminating device according to [1] to [3], wherein
the case is formed of a resin material.
[5] The illuminating device according to [ 1] to [4], wherein an
inner wall surface of the case and an outer circumferential
surface of the secondary battery are so disposed as to be in
contact with each other.
[6] The illuminating device according to [5], wherein the
inner wall surface of the case having a cylindrical shape
and the outer circumferential surface of the secondary bat-
tery formed of a cylindrical battery are in contact with each
other.
[7] The illuminating device according to [1] to [6], wherein
the support body includes
a main surface part having a plate shape, and
side parts each provided along longitudinal direction of
the main surface part and substantially perpendicular
to the main surface part, and
the side part is in contact with an inner wall surface of the
case.
[8] The illuminating device according to [1] to [7], wherein
the support body is formed of a metal material.
[9] The illuminating device according to [1] to [8], wherein a
diffuser is provided between the support body and the light
emitting diodes.
[10] The illuminating device according to [1] to [9], wherein
the control section includes a timer circuit and stops a
discharge that is made in response to power supply stop and
is from the secondary battery to the light emitting diodes
after certain time set in advance.
[11] The illuminating device according to [1] to [10], further
including:
avoice sensor configured to be capable of communicating
with the control section,

wherein, if the voice sensor recognizes a predetermined
voice, the control section lights or turns off the light
emitting diodes in association with the recognized pre-
determined voice.

[12] The illuminating device according to [1] to [10], further
including:

a motion sensor configured to be capable of communicat-
ing with the control section,

wherein, if the motion sensor detects motion of a person,
the control section sets the light emitting diodes to a
lighting state.

[13] The illuminating device according to [1] to [10], further
including:

a remote-control light receiver configured to be capable of
communicating with the control section,
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wherein, the control section lights or turns off the light
emitting diodes in association with a control signal
received by the remote-control light receiver.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. An illuminating device comprising:

a connecting portion configured to be supplied with power;

a case having a tubular shape;

a support body disposed inside the case and configured to
divide the case in a radial direction;

a plurality of light emitting diodes disposed on a first sur-
face of the support body;

a diffuser provided between and in contact with the support
body and the plurality of light emitting diodes;

a secondary battery disposed on a second surface of the
support body, wherein the second surface is different
from the first surface on which the plurality of light
emitting diodes are disposed;

a power supply circuitry configured to supply power to the
plurality of light emitting diodes and charge the second-
ary battery,
wherein the secondary battery supplies power to the

plurality of light emitting diodes in a state in which the
power supplied from the power supply circuitry is
stopped; and

a timer circuit configured to determine whether or not a
pre-determined time has elapsed in the state in which the
power supplied from the power supply circuitry is
stopped,
wherein the secondary battery stops supplying the

power to the plurality of light emitting diodes based
on the determination that the pre-determined time has
elapsed.

2. The illuminating device according to claim 1, wherein an
apart of the case opposite to the second surface of the support
body on which the secondary battery is disposed has a slit
shaped opening.

3. The illuminating device according to claim 1, wherein
the support body is fixed by a rib which is provided on an
inner wall surface of the case.

4. The illuminating device according to claim 1, wherein
the case is formed of a resin material.

5. The illuminating device according to claim 1, wherein an
inner wall surface of the case and an outer circumferential
surface of the secondary battery are in contact with each
other.

6. The illuminating device according to claim 5, wherein
the inner wall surface of the case and the outer circumferential
surface of the secondary battery are cylindrical in shape.

7. The illuminating device according to claim 1, wherein
the support body includes:

a main surface having a plate shape, and

side parts having a plate shape, wherein each side part is
disposed along a longitudinal direction, at the longitu-
dinal edges of the main surface, perpendicular to the
main surface, and

wherein each side part is in contact with an inner wall
surface of the case to provide support to the main sur-
face.
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8. The illuminating device according to claim 1, wherein
the support body is formed of a metal material.
9. The illuminating device according to claim 1, further
comprising:
a voice sensor configured to detect a predetermined voice,
wherein the plurality of light emitting diodes are turned
on or turned off based on the determination that the
pre-determined time has elapsed after the voice sen-
sor detects the predetermined voice.
10. The illuminating device according to claim 1, further
comprising:
a motion sensor configured to detect motion of a person,
wherein, the plurality of light emitting diodes are turned
on when the motion sensor detects motion of the
person.
11. The illuminating device according to claim 1, further
comprising:
aremote-control light receiver configured to receive a con-
trol signal,
wherein the plurality of light emitting diodes are turned
on or turned off based on the determination that the
pre-determined time has elapsed after the remote-
control light receiver receives the control signal.
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12. The illuminating device according to claim 1, wherein

the plurality of light emitting diodes are disposed on a
substrate comprising a constant current circuit config-
ured to stop flowing of current through the plurality of
light emitting diodes when a value of the current is larger
than a predetermined value,

wherein the substrate is disposed on the first surface of the

support body.

13. The illuminating device according to claim 1, further
comprising:

a first field effect transistor (FET) to stop charging of the

secondary battery;

asecond FET to stop discharging of the secondary battery;

and

a resistor to measure a temperature of the secondary bat-

tery.

14. The illuminating device according to claim 13, wherein
the first FET is configured to stop charging the secondary
battery when the secondary battery is overcharged.

15. The illuminating device according to claim 1, wherein
when the power supplied from the power supply is stopped,
the secondary battery stops supplying power to the plurality
of light emitting diodes until a voice is detected.
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